Introduction

I
n 2012, as the latest step in pursuing a comprehensive approach to tobacco control, 1 the Australian government implemented plain packaging (PP) for tobacco products 2 with new larger graphic health warnings (GHWs). 3 A growing number of countries have since followed suit. In April 2014, the European Union adopted the Tobacco Products Directive, which allows member states the option of implementing PP. As of June 2017, PP regulations had been debated, approved or implemented in France, Hungary, Ireland, Norway, Slovenia and the United Kingdom. 4 In Australia, studies evaluating the impact of PP and larger GHWs have indicated these interventions led to reductions in the appeal of tobacco products, and increases in GHW effectiveness and quitting-related cognitions and behaviours. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] It has also been estimated that as of September 2015, PP implementation had led to a statistically significant decline in smoking prevalence of 0.55 percentage points. 16 These post-implementation findings from Australia are broadly consistent with the results from experimental tests demonstrating the potential effectiveness of PP, conducted in countries such as France and the United Kingdom. [17] [18] [19] [20] [21] [22] In two previous studies, we assessed the impact of PP by observing the behaviour of patrons at outdoor drinking and dining venues. 23, 24 Between October 2011 and April 2012 (pre-PP), and October 2012 and April 2013 (early post-PP), we counted patrons, smokers and tobacco packs at cafés, restaurants and bars with outdoor seating in two Australian capital cities, Melbourne (Victoria) and Adelaide (South Australia). 23 We observed reduced rates of smoking and pack display from pre-PP to early post-PP, particularly at venues where children were present. We also found that, at early post-PP, packs were less commonly oriented face-up and were more likely to be concealed or in an external case. 23 A continuation of this study reported on observations made 1 year post-implementation. Data were gathered between January and April 2014 (1 year post-PP), and compared with observations made over the same summer months pre-PP (January-April 2012) and early post-PP (January-April 2013). 24 This study found that declines in the rate of smoking and pack display observed in the early post-PP period were maintained 1 year post-PP, with these findings again more pronounced in venues where children were present. By 1 year post-PP, rates of face-up pack display, pack concealment and external cases had returned to pre-PP levels. 24 This study further extends data collection through to 2 years postimplementation (2 years post-PP), in Melbourne, Australia's second largest city. We were interested in whether the effect of PP on denormalising smoking-as suggested by the early post-PP and 1 year post-PP findings 23, 24 -would still be apparent 2 years post-implementation, or alternatively, if there would be evidence that this effect had started to wane. We were also interested in whether effects continued to be more pronounced at venues where children were present.
Methods
Details of the venue sampling and data collection procedure have been described elsewhere. [23] [24] [25] Briefly, to establish the sample of venues we selected 17 street segments ('café strips') from a range of socioeconomic areas in Melbourne that were known to have many popular cafés, restaurants and bars; the same 17 café strips were visited in all four phases. Café strips contained between 6 and 50 eligible venues each and observations were made at every eligible venue: to be eligible, the venue had to be a café, restaurant or bar with outdoor seating visible from the footpath where smoking was permitted. New venues within a café strip were added to the sample if they opened between PP phases; venues that closed between phases were not necessarily replaced (i.e. if a new venue did not open in their place). For each of 2012 (pre-PP), 2013 (early post-PP), 2014 (1 year post-PP) and 2015 (2 years post-PP), fieldworkers made five waves of observations at each café strip at $2-week intervals between mid-January and mid-April; in each wave, data were collected once at each venue within the café strip.
At each venue, the fieldworker slowly walked along the footpath, or found an unobtrusive spot to stand, while they discreetly counted the number of seated patrons, the number of patrons smoking, holding, rolling or lighting a cigarette ('active smokers') and the number of tobacco packs. They counted the number of tobacco packs that were fully branded, plain or of an indeterminate type. They also noted the number of packs that were oriented face-up (with the brand name visible), concealed by an object like a wallet or phone, concealed in an external case (including cigarette tins) or that were in an unknown orientation due to the distance of the observation. Finally, fieldworkers recorded whether any children who looked to be of approximately primary school age or younger (i.e. <13 years of age) were present at the venue at the time of observation. During the early post-PP phase of data collection, a fieldwork coordinator accompanied four different fieldworkers as they made their observations. Inter-rater reliability analyses revealed high levels of consistency between the observations made by each of these fieldworkers and the coordinator, 23 thereby establishing the reliability of the data collection protocol.
We used the Australian Bureau of Statistics' Socioeconomic Indices for Areas (SEIFA) Index of Relative Disadvantage 26 to determine socioeconomic status (SES) for each café strip (low SES: café strips in the lowest two quintiles of the index for the state of Victoria; mid-SES: third and fourth quintiles and high SES: fifth quintile). Weather information (temperature and wind speed) was recorded at the time of data collection using a smartphone application.
Statistical analysis
Multilevel Poisson models were employed in Stata 14.1 to test for differences between pre-PP and each subsequent phase and between early post-PP and each subsequent phase. Random intercepts were included for café strip and venue in all models to adjust standard errors for correlations among venues within the same café strip and for multiple observations over time at each venue. All models adjusted for the presence of children, café strip SES, month (January/February vs. March/April), day and time (weekdays before 16:00 h, weekdays after 16:00 h and weekends) and the temperature (<22 C, 22-27 C, !28 C) and wind speed (km/h) at the time of observation.
To analyze first the number of packs observed as the rate of packs to patrons, and then the number of active smokers as the rate of smokers to patrons, the number of patrons was included in the model as an offset term and the sample was limited to venue observations at which at least one patron was observed. We also examined the rate of packs to smokers, using the number of smokers as the offset term and only including venue observations with one or more smokers present.
We compared rates of face-up orientation and pack concealment among packs that were compliant with the legislation currently in effect (i.e. branded packs at pre-PP and plain packs in the post-PP phases). In these analyses, only venue observations for which at least one known-orientation branded (pre-PP) or plain (post-PP) pack was recorded were analyzed (i.e. packs in external cases and in an unknown orientation were excluded). Observed rates of external cases were analyzed out of all observed packs; accordingly, at least one pack had to be observed at the venue for the observation to be included in the analysis. Finally, observed rates of branded packs were analyzed out of all packs of a known type (either branded or plain), so at least one branded or plain pack had to be observed for the venue observation to be included in the analysis.
We tested for interactions between PP phase and the presence of children at venues. Where the P values for the interaction term was P < 0.05, we explored the pattern of effects using stratified models adjusted for the same covariates listed earlier.
Results
Sample characteristics
Over the four phases in Melbourne, we collected data at 3808 venues at which at least one patron was present at the time of observation, and this sample formed the denominator for analyses of the rate of packs to patrons and active smokers to patrons. Fewer observations were used in analyses of the rates of packs to active smokers (n = 1169 venue observations with at least one active smoker), external cases to all packs (n = 1421 venue observations with at least one pack), branded packs to all known-type packs [n = 1346 venue observations with at least one pack of known type (branded or plain)] and face-up and concealed packs to known-orientation branded (pre-PP) or plain (post-PP) packs (n = 1321 venue observations with at least one known-orientation pack). Table 1 presents the size of these venue sub-samples in each phase, and the characteristics of venues at which at least one patron was present.
Pack display and active smoking
Before the implementation of PP, one in every 8.0 patrons displayed a tobacco pack. In the early post-PP and 1 year post-PP phases, rates of pack display were lower compared with pre-PP (table 2). Pack display was also somewhat lower in the 2 year post-PP phase. The rate of pack display in the 2 year post-PP phase did not differ from that observed in the early post-PP phase (table 2) .
In a similar way, compared with pre-PP, the prevalence of active smoking was lower in the early post-PP and 1 year post-PP phases (table 2) . Active smoking was also slightly lower in the 2 year post-PP phase. However, the prevalence of active smoking 2 years post-PP also did not differ from that observed in the early post-PP phase (table 2) .
The rate of pack display relative to active smokers (not shown in table 2) did not change between pre-PP and early post-PP [incident rate ratio (IRR) = 0.98, 95% confidence interval (CI) = 0.86-1.11], 1 year post-PP (IRR = 0.97, 95% CI = 0.85-1.10) or 2 years post-PP (IRR = 0.97, 95% CI = 0.84-1.13). It also did not differ between the early post-PP and 2 years post-PP phases (IRR = 0.99, 95% CI = 0.84-1.17). In each phase, we observed one pack for every 0.7-0.8 active smokers, indicating that some patrons displayed their pack even when they were not smoking.
There was an interaction between phase and the presence of children in predicting the rate of pack display ( 2 = 11.76). Stratified analyses indicated that the effect of PP implementation on pack display was greater at venues with children present than at venues without children (figure 1a). 
Pack orientation and concealment
In each phase, we recorded the orientation of packs that were compliant with the legislation currently in effect (i.e. branded packs at pre-PP and plain packs in each subsequent phase). Compared with pre-PP, the percentage of packs oriented face-up was not different in each post-PP phase (and did not differ between these phases; table 2). However, the percentage of packs concealed by an object like a wallet or phone was highest in the early post-PP phase (table 2). The percentage of packs in external cases fluctuated across the study period (table 2) . From a low rate of use pre-PP, the use of cases increased in the early post-PP phase, decreased in the 1 year post-PP phase (not different to pre-PP), before increasing again in the 2 year post-PP phase (although not different to pre-PP or early post-PP; table 2).
Presence of branded packs
Compared with pre-PP-at which time, all packs of a known type were fully branded-the prevalence of fully branded packs was, unsurprisingly, lower in all post-PP phases ( 6.0% in each phase; table 2). The prevalence of fully branded packs did not change from the early post-PP phase to the two later post-PP phases (table 2) .
Discussion
Overall, we found that PP implementation was associated with reduced rates of tobacco pack display and active smoking at outdoor cafés in the early post-PP and 1 year post-PP periods but these effects were not fully sustained 2 years post-PP. In the 2 year post-PP period, rates of pack display and active smoking were not lower than those observed pre-PP but were also not different from those observed in the early post-PP period. Taken together, these findings indicate that even though the initial reductions in these behaviours were not maintained 2 years post-implementation, rates also have not completely rebounded to those observed prior to implementation.
These overall effects must also be interpreted in light of interactions between PP phase and the presence of children. Pack display and active smoking were lower in all post-implementation phases at venues where children were present but not at venues without children. This is a positive finding, indicating that 2 years after implementation, children are still being exposed to less smoking and less tobacco packaging than before PP. This finding is consistent with evidence that children provide smokers with a powerful cue not to smoke, 27 perhaps due to their desire to protect children from secondhand smoke or the normalising effects of seeing adults smoke. As a result of this reduced visibility of tobacco, children may develop more accurate perceptions of smoking prevalence and the social acceptability of tobacco use, which may reduce smoking initiation down the track. 28, 29 We found little evidence that implementation of PP had an enduring effect on the way in which smokers displayed their packs. Across all phases, the majority of packs were displayed faceup, and although we observed an early increase in efforts by smokers to conceal their packs, this effect was not sustained through to 1 or 2 years post-implementation. Use of external cases was rare in all phases. Minimal levels of pack concealment may represent a positive outcome for public health, given that smokers and other Note. PP, plain packaging; M, mean; SD, standard deviation. a: Denominator for analysis of the rate of packs to patrons and active smokers to patrons. b: Denominator for analysis of the rate of packs to active smokers. c: Denominator for analysis of the rate of external cases to all packs. d: Denominator for analysis of the rate of fully branded packs to all packs of a known type (fully branded or plain). e: Denominator for analysis of the rate of face-up packs to all packs in a known orientation, and concealed packs to all packs in a known orientation. For these analyses, the denominator of known orientation packs is limited to fully branded packs at pre-PP and plain packs in the three post-PP phases.
patrons are exposed to the large GHWs on the displayed tobacco packs. On the other hand, smokers' efforts to avoid looking at GHWs (e.g. by covering them up) are associated with increased frequency of thoughts about quitting 30 such that our finding that pack concealment was at pre-PP levels in the 1-and 2-year postimplementation phases may indicate diminishing effectiveness of GHWs over time.
Furthermore, in all post-implementation phases we found a low prevalence of fully branded packs. Potential sources of fully branded packs in the post-PP environment include international tourists or Australians returning from abroad who purchased packs overseas, and contraband cigarettes (i.e. fully branded cigarettes from another country that have been smuggled into the illicit market in Australia). Previous population surveys have reported consistently minimal use of contraband cigarettes since the introduction of PP in Australia. 31, 32 The most recent national survey also found low levels of purchasing tobacco products without PP and larger GHWs. 33 The findings from this study are consistent with this evidence, and at odds with claims from the tobacco industry that PP would result in a proliferation of illicit tobacco. 4 This innovative observational study was relatively inexpensive and easy to implement. It provided some of the first evidence that the packaging changes were affecting smokers' behaviours, 23, 24 and has also proved useful in monitoring whether these effects may be weakening with time. A particular strength of this method is the use of validated objective measures that are not subject to social desirability bias or misreporting but instead reflect the visibility of tobacco products and behaviours in real-world scenarios. One study limitation is that we observed behaviours in only one metropolitan city, and so cannot generalise the results nationally. Unlike our earlier studies, we did not collect data in Adelaide since that state was actively debating bans on smoking in outdoor dining venues, reducing our sample size and therefore power to detect changes. Another limitation is that increases in tobacco excise and customs duties were implemented on 1 December 2013 and again on 1 September 2014, which could have reduced active smoking by encouraging lower consumption or attempts to quit. 34, 35 Increasing prices may have also reduced smokers' willingness to display their pack, to avoid being asked to share their cigarettes. However, stronger effects at venues where children were present is more consistent with an interpretation that attributes changes in these behaviours to PP rather than price increases.
In conclusion, these findings indicate a slight weakening of the effects of PP on rates of pack display and active smoking by 2 years post-implementation, although positive effects continued to be observed at venues where children were present. Other studies have demonstrated that the impact of GHWs declines with time, [36] [37] [38] and maintaining salience is a key challenge for warning label policies. 39 Australia's GHW scheme tries to delay wear-out effects through the annual rotation of two sets of seven warning labels, 3 although when the 2 year post-PP data were collected in early 2015, the first set of GHWs were already appearing for the :00 pm, weekday after 4:00 pm or weekend; based on end time of fieldwork session), temperature (<22 C, 22-27 C, !28 C) and wind speed and are from multilevel Poisson regression models that included random intercepts for café strip and venue. b: For the rates of face-up orientation and pack concealment, 'all packs' includes packs compliant with the legislation in effect at the time (fully branded packs at pre-PP, plain packs in all post-PP phases) for which an orientation was recorded. c: For the rates of fully branded packs, 'all packs' includes packs of a known type (fully branded packs at pre-PP, branded or plain packs in all post-PP phases).
second time. More frequent changes to the GHWs that appear on packs may help to prolong their salience and impact, thereby sustaining the processes through which smokers become reluctant to be seen smoking and displaying their packs in public. Further research is required to assess whether similar wear-out effects are observed on other measures of PP effectiveness in Australia and when PP is implemented in other countries.
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Key points
Past studies found reduced rates of tobacco pack display and active smoking at outdoor cafés immediately following and 1 year after implementation of plain packaging with larger graphic health warnings in Australia. This study found that while overall these positive effects were not fully maintained 2 years post-implementation, rates remained lower at venues where children were present. Governments implementing plain packaging should consider frequent rotation and refreshment of graphic health warnings to delay the wear out of effects. 
